AMENDMENT UNDER 37 C.F.R. § 1.111 Attorney Docket No.: Q86915 

Application No.: 10/528,373 

REMARKS 

This Amendment is filed in response to the Office Action dated October 9, 2007, and is 
respectfully submitted to be fully responsive to the rejections raised therein. Accordingly, 
favorable reconsideration on the merits and allowance are respectfully requested. 

In the present Amendment, claims 1-12 have been amended to replace "derivative" with 
"compound". 

Claims 2-7 and 10-12 have been amended by changing "A" to "The". 

Claim 8 has been amended by changing the expression "for the treatment of allergic 
diseases" to "for the treatment of type IV allergic dermatitis". Support for the amendment can be 
found in the specification on pages 69-73 (Evaluation Examples 1 and 2), including on page 72 
at lines 3-7, and on page 73 at lines 9-14, for example. 

Claim 9 has been amended by changing the expression "for the treatment of pruritus" to 
"for the treatment of pruritus induced by substance P" Support for the amendment can be found 
in the specification on pages 73-75 (Evaluation Example 3), including on page 75 at lines 4-9, 
for example. 

Claims 13-18 have been newly added and depend directly or indirectly from claim 1. 

Accordingly, no new matter has been added. Entry of the Amendment is respectfully 
submitted to be proper. Upon entry of the Amendment, claims 1-18 will be all the claims 
pending in the application, 

I. Response to Rejection Under 35 U.S.C, § 112, First Paragraph 

Claims 8 and 9 are rejected under 35 U.S.C. § 112, first paragraph, as allegedly lacking 
enablement for the treatment of any allergic disease and/or for the treatment of pruritus. 
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Particularly, the Examiner takes the position that Applicants' specification is enabling for a 
pharmaceutical composition for the treatment of dermatitis, but the specification does not enable 
any person skilled in the art to which it pertains, or with which it is mostly connected, to use the 
invention commensurate in scope with Claims 8 and 9. 

Applicants traverse and respectfully request withdrawal of the rejection in view of the 
following remarks. 

Applicants submit that the following remarks and cited articles provide proof that one 
skilled in the art would be able to make and use the claimed invention using the specification as a 
guide. The evidence provided need not be conclusive, but merely convincing to one skilled in 
the art. As discussed below, Applicants have provided scientific articles as convincing evidence 
showing what one skilled in the art knew at the time of filing the application. 

First, without conceding to the merits of the rejection, Claim 8 has been amended by 
changing the expression "for the treatment of allergic diseases" to "for the treatment of type IV 
allergic dermatitis". Further, Claim 13 has been newly added and is directed to a method of 
using the uracil compound to treat type IV allergic dermatitis. Support for amended claim 8 can 
be found in the present specification in Evaluation Examples 1 and 2. Evaluation Examples 1 
and 2 demonstrate that the uracil compounds of the present invention are effective in the 
treatment of type IV allergic inflammation. Applicants submit that the Evaluation Examples 1 
and 2 disclosed in the present specification demonstrate that the uracil compounds of the present 
invention are effective in the treatment of type IV allergic dermatitis. In view of the above 
arguments and in view of the fact that the Examiner concedes that the specification is enabled for 
a pharmaceutical composition for the treatment of dermatitis, Claims 8 and 13 meet the 
enablement requirement. 
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Next, the specification provides enablement for the scope of Claim 9. Claim 9 has been 
amended by changing the expression "for the treatment of pruritus" to "for the treatment of 
pruritus induced by substance P". Support for the above amendments can be found in the 
pharmaceutical data set forth in Evaluation Example 3 of the present specification. Evaluation 
Example 3 demonstrates that the uracil compound as recited in the claim, inhibits the itch-related 
behavior induced by substance P. 

Also, Articles (a) - (c), provided herewith, provide evidence of what was well known to 
one skilled in the art, at the time of filing the present application. Specifically, the articles teach 
that substance P induces itch, and that substance P is involved in hemodialysis-associated 
pruritus and the pruritus of atopic dermatitis and psoriasis. Copies of Articles (a) to (c), as listed 
below, are being submitted concurrently with the present Amendment. 

Article (a): Andoh et al The J, Investigative Dermatology 2001: 117(6), 1621 - 
1625; 

Article (b): Tobin et al. J. Allergy Clin. Immunol 1992: 90, 613 - 622; and 
Article (c): Kuraishi et al. Eur. J. Pharmacol 1995: 275, 229 - 233. 

Articles (b) and (c) are referenced in Evaluation Example 3 in the present specification, 
and were previously submitted in Applicant's Disclosure Statement, filed April 27, 2005. 

According to the teachings of Article (a), when substance P is applied to the skin, it 
elicits an itch sensation in human subjects. Article (a) further teaches that substance P is 
involved in hemodialysis-associated pruritus and the pruritus of atopic dermatitis and psoriasis. 

Article (b) teaches (in the Abstract at lines 13 to 15) that an increased density of fibers 
was observed for all markers except Neuropeptide Y and Tyrosine hydroxylase in biopsies from 
skin with atopic dermatitis. 
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Article (c) teaches that substance P produces an itch sensation, and that substance P 
elicited scratching in Section 3.2, "Behavioral effects of substance P and histamine" on pages 
230 to 231, 

Accordingly, Applicants submit that, in view of the above-mentioned arguments and the 
evidence provided [Articles (a) - (c)] the specification provides enablement for the scope of 
claims 8 and 9. Withdrawal of the rejection is respectfully requested. 

Lastly, claims 13-18 are newly added and depend directly or indirectly from Claim 1 and 
are directed to subject matter recited in claims 8 and 9. Thus, claims 13-18 are also enabled for 
at least the reasons mentioned above. 

H. Response to Rejection under 35 ILS.C, § 112, Second Paragraph 

Claims 1-12 are rejected under 35 U.S.C. § 112, second paragraph as allegedly being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
Applicants regard as their invention. Specifically, the Examiner argues that "uracil derivative" is 
indefinite because it may be interpreted as a residue derived from the uracil compound or a 
modification to the compound. 

Applicants have amended the claims by deleting "derivative" and inserting --compound--. 
Accordingly, Applicants respectfully request withdrawal of the rejection in view of the 
Amendment. 

In view of the above, reconsideration and allowance of this application are now believed 
to be in order, and such actions are hereby solicited. If any points remain in issue which the 
Examiner feels may be best resolved through a personal or telephone interview, the Examiner is 
kindly requested to contact the undersigned attorney at the telephone number listed below. 
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The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 

Respectfully submitted, 



SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 

WASHINGTON OFFICE 

23373 

CUSTOMER NUMBER 



Date: March 7, 2008 



ihn T. Callahan 
Registration No. 32,607 
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Involvement of leukotriene B 4 in Substance P-Induced Itch- 
Associated Response in Mice 



i^SL ef AppBcd Phaanaeolcsy. heal* ef Ptana-tkn Sdeoces, Toyama Medical and Phamsacsudcs] Toyma, Japan; *M»u* 

Raaruh tafdaj* Ono PhwmaceuMl, Quia, Jae*n 



Intxmdtoml injection of stibttance P elides an itch 
sensation IB human (objects and an icdMHOCt&ted 
response in mice* The subitum* P-inducc4 Uch- 
naaocieted response in mice is not inhibited by and- 
histamine* Therefore, the znechanfemi of substance 
F-induced Hch-associaxed Etsponsa ex* unclear. In 
this study, we demonstrated one of die mechanisms. 
Substance P induce* an araehidonate cascade to 
cm dace prostaglandins and leukotriene* In this study 
we considered whether arachioonate metabolites axe 
involved in che substance SMn&iecd itch-associated 
response. A phospholipase A* inhibitor aimchidotyi- 
tdduoroxnethyl ketone inhibited the substance P<* 
induced itcb-assodated response in mice. Pre- 11 
treatment with the glucocorticoids betamethasone 
and deramethasone also nrodtu^-inhibition of the 
substance P-anduced jtch-associateo response in mice 
as well as humans. The 5-lipuxygenasc inhibitor 
zOeuton, but not the cyclooxygenase inhibitors 
indomethacm and diclofenac, suppressed substance 
jced itch-asaociated response. The leukoceene 



B 4 receptor antagonist 5-[2-<^arboxy<thyIHH 
medio]s7phenyl)-5^h«enyl}oicyphenoxy]val acid 
produced inhibWon, wh™as pranlukast Oeokotacne 
Q/D4/E4 receptor antagonist) and 5(3)-7-I15»»» 
3S,5ft-3^<tYw«W**rm)sn^ 

cTdo(3 f l f l)hepfj-2^I)^5-heptenoic acid (EPi receptor 
antagonist were without effect. Furthermore* when 
the production of leukotriene B 4 and prostaglandin 
£ s was measured in skin injected with substance P 
and m mouse keratinocytes applied with substance 
P, the level of both products increased* As lettfco- 
tziene B 4p hot not prostaglandin Ez, also induces the 
ten-associated response in mice, these results suggest 
that leukotriene B 4 and keratinocytes, cutaneous cells 
which produced leukotriene B4, play an important 
role in substance P-induced itch-scratch response in 
mice. Leukotriene B 4 receptor antagonist and 5- 
hpoxygenase inhibitor may be novel antipruritic 
. drugs- Key words: kcrttftoocyte/lcukGtritnt nctytor/ 
SAiwncygcfuut/tachykinin NIC, mtptar/WBB€Fl Wf 
J Invest Dermatol ltliltZi-t(M> 2001 



Itch h a Jttn sensation tint provokes s desists to scratch. This 
section aoMWoics various den disease* (eg., atop* 
dermatitis, contact dermatitis, sad unbw) and several 
sywwoic disorders (eg-, clonic renal feikrc and cholestasis). 
Hj Kb amine receptor antagonists arc the drugs of first choice 
for the traonenc of Itch, nut many pruritic diseases crape acute 
urticaria respond poorly to the Ht receptor anugonistt (WahJgren, 
1991). The precise rnectsaismi and nwdUcors of Itch in mow 
pnrnrin diseases arc untjcai. 

-When applied to the dan, Stance p (SP) did* on itch 
sensation in human subjects (Hagcrmart cf oL 1978; Barnes ef 4 

Manuscript received May 17 r 2001; accepted for puhfieanon August 2i, 
2001 

P.«ri« teqnesn »: Dr. Yttulhi Kiiraitbi Dcpamnev of Applied 
?ba^lo^F*cuhy i^Pharmacwdcal Meteee, Toj™ Mefi ed end 
Phamaccndod University, 2630 Sn&ani. Toynai 930<0194 v Japan. 

477, cycio(Qn-Trp-?be.Ieu-M«^j L-6ee la*, cyete((3h^Trp(KMe) 
Thc^GlytANC-altcB^Mc^; LIB*, leakofideae » 4 J NK f jjeurotoc 
ONCM057. 5-B^P-eMb<«yethyI)^{6^^ 

oxypbcnoxrfvricik id*; ONO-NT-012. 5{Z)-7-[iS.2S^5^3. 
DMcacSdi SP,**«aaoeF« 



4986). Thia peptide is speculated to be involved in hc*7*>dialy<as- 
aasodated pruritus (Ksku et 4 1990) and the prurins of a*ptc 
(dcfnnuds (Heyer rt 4 1991) and psoriasis (EHis el at 1993). In 
mice, SP dLid» scratching behavior (Kurauhi ef el, 1995; Andqh d 
J f 199 fi), TWs response is suppressed by fsenuaunenc vidi 
naloxone, capsaicin, and compound 49/80 (Aadoh a al> 1998). 
Similarly, jnreral loads of human itching are alleviated by trcacmcat 
tvich naloxone (Summed eld, I9ft0; Bcmsteia et d. 199Z; ^B^ 53 ^ 
si, 1995} and capsaicin (Toth-Kasa n d, 1986; VaUcngjen, 1991; 
Knieht and Hayashi 1994). and SP^induced itching is iohibiced by 
with compound 4B/B0 (Uagenuaxk « ^ 1978). 
These similarities suggest chac SP-inducc4 scotching behavior of 
the mOMse is an iteh-asscckced retpottte, SP is generally believed to 
elicit itch through che release of histaoamc from, mast cdk. In 
human subjeCtt, the Hi histamine lecepwr antagonist chlorcycB- 
clxie mhibiu an itch sensarion induced by innadennal (Ld.) 
injecdon of low, but not h%h, doses of SP (pSgtnnatk ef at 
157B). Incradcnnal $F releases hisumbe from human ttin w 
20 mm, a duration chat is longer dun the duration of Itching 
(Barnes ef rt, 19B6). In mice, an id. injecdon of SP efiaa 
iech«auociaccd response in normal mice and rnast-ccfl-defirinm 
mice as wdl (Andoh « *l 1»8). NeuieJctose-1 (NKi) acnykdniD 
r^ceptois are involved in me iech-a»ocUtcd response induced by 
SP (Andoh ef si. 199S). but net in the histamine release tasvr-— 
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cells (Moiwli er d r 1990), These findings taken rct^her wggwt that 
mv«cJl"d«pcQdent and independent mechanism* are involved in 
SP-induced itch-asodatcd response* 

In human subjects, pxcuca^ndin (PG) Es if a veak praricogen 
rHtacimark tad Scrandbcrg, 1977) and pnsipugs experimentally 
induced itch (Hagrsmark and S&andbece* 1977; FjeDnci and 
l^gennadc, 1979). In addition, aspirin inhibit! itching ofparicni* 
■wirib palycydiemia vera (Ijeibcr and Ha^ermark, 1979). In animal 
experiment, although an 1.4, injection of PGE* alone dots aaot 
elide iich-anodatcd response (Andch and Kmaishi, 1998), it 
enhances fccb-aatoeiaced response induced by Jerowmin (unpub- 
lished obacrvadon). On fa* other hand, in x.d. mjectiou of 
leukotrfene (LT) B 4 elides apparent itch*a»oeiated response in 
mice (Andab and Kuraishi, 199$), alchough ic shows only weak 
elftctt ic higher concenemdoos in mice (Andoh and Kuwishl. 1998) 
and human) (Camp et af, 1963). Thus, ic acimi invmitmp to 

whether OiC anchidenk add cascade a involved in Jtch- 
assodated rerpomc induced by SP in mice. 



MATERIALS AND METHODS 

UnUv e»dWw>** mennoned, wc wed malt; ICR note 

(Japan SLC, Shbuolea, Japan) of 5~d wfc of age. la acme pcpedmeiits, 
m^fi-ttU-defidedc mice (WB6F1 K'/^) were used ac die age of 
5 wk. They Wete homed under coevollod berraxxaewe (23 i O25 0 C) 
and fight (Lkgbv en fiom O&OO to 20:00) coruadoni. Food *od ware* 
were fiecJy available. The eapcrsnscned preeedures for mice wet* :, 
conducted in aocerdance with the guideline* of the Guiding Principle* 
for *c Cm end Uk of laboratory Animals approved by the Committee 
for Aritfll E«penme»B m Teyama Medical and Phattaacourieal 

Dm? SP (Peptide Irodcucc. Mineh> Japan) was dnohred in 
pbynelosc satin*. Dido&oac lodrum, anetoderma ttoromethyl ketoec 
(AACOCft), «eioOT^T^Ct^)Pb^GMANC^le^Mc<)a (L- 
668 1695, and eyclo(0l»*Tte-Phe-Ieii^Mei3 877) we purchased 

gem JUscarch Biochemicils btemadeual (Natick, MA) and drndved in 
vbynelofpe t»w Deaasnetharone, betamedwiew, and indomeoadn 
were porchw) Sigma Chemical (5* £*«k MO) and sUapestded m 
OJK sodium carboaymexlrylcxDiilcsfc soludcn* Sulcatao, S*p-{2- 

cemo»visthyfrMM^e**TOh^ 

(ONCM057). and pnnhikwc (all 6w One ?aan«4Ceudcii Owks, 
>^ woe suspended in O^K raduia eatboaVmedivlMflutoie <ol«dorL 
S(^7-[lo\2S^,5JW<w^^ ' 
dimediylbkydeP.ia^ep^y^^cp^ow „ (^S^S 01 ^ 

(Ono Phannaceutical) was outolved m tettimole* of IN NaOH .and 
tiv^ diluted with tap Wafer. , the *uC Of LT84 (OlkQ 

Pbarmaceudcal) w« evolved in physolp^e nhne. LTDi ^ purtaaiod 
&em Siaana Louis) and dmdved In ezfaaael and thee diluted with 
ptyKotogk FliK>-a/AM and F-127 w»« piuehased from Dcjindo 
(KaiiiaraeM p Jaeaii). 

Behavioral expdmtnn The hak was dipped over the rostral part 
of the nroriae back the day bdbse the o^cnmcM, nefere .oebavioral 
reeorduig, the mice {fbvi mdanali par obaatVinoe) wtrt pu» an 
acrylic eagc (26 it 18 X 30 cm) " composed of four ctlh 
(13 X 9 X 30 p») for ac kaas 1 h far acdiinJrtion, Iisamediatdy after an 
id. iajaeaieot the a^nah were put back m the same ceHs and their 
bebaneci woe video oped u*i*ft an 8 nun video camera for 1 h with all 
opedmeficen kept OQC of die Obettvaop* voooi- PJaying back Of me 
video served for counting aaacchmg behavior. The moose geuexaQy 
te»uKa by mc hind pawa several times for about 1 s and a series of 
these movements was counted aj one bout of iBaeashmfl (KuOiihi H al 
1995). 5P, ILTBLi, and LTD 4 wvfev injected id, in a voluaae of 50 pi into 
die interscapular pan of the bade AACOCF* WW 169. tnd L- 
659 677 were injected id. wgcther with SP- zaeucon. 0^0^4057, 
P Balafaia. d aaaar wt haJOOC j beramnhasone were sdmixustered 

pfTOrafly 1 h before 9? injeeootx lodomediadn. sodiwri etirfhfrtwr . and 
ONO-NTT-012 were lAninuvrred perowDy 30 «jn before 5? ir»jecnotv 

Isolation of ncmae ketndnoeyrei The clipped, ethanol-fiteriliaed 
sldn was i&daied from the mouse chat had been deapipred and bled. 
Afttr^hing il with phoiphite-baftceed fifiot containing 100 U per ml 
eerdeUtis and 100 U« P" ml streptomycin (PBS-PS). we removed 
coonecdve daw foam the isolated skis and cue the aldo meo pieces. The 
pieces were washed twice with Fn5-P£ contaizsiifi; Q,92% 



ethylenediannue teiraaoede add (EDTn), and rreaeed with *ypnu 
dissolved ss PBS-PS at 4*C fel 6 h. The epidernni was casfilBy peeled 
from Ae ten, and p^ody shaken a PBS-PS coc£unin$ 0.0254 EDTA at 
toons tempescurf uaul most epidesmii piepaiadom floated up, The 
Roiong ptepaadDM wet« pined through a stahdaw steel mesh wish 40 
urn poiei and the nlcrw waj ewtruvjed ac 150 X £ at 4'C for 5 nun. 
Fxedpkatod edh were washed with 10 ml of Jel^mofllfied unnnuuin 
ea>eenal medium coutmung 100 U p« ml pceddllin and 100 M« per ml 
setepeemycm (MEM-P5). suipeaded in MEM-PS aotahung 20 ng pec 
ml epidermal growth &CWr, 10 W per ml ianulin, and 10 ug per ml 
bovtoe piruiracy extzact, and cultured as J7*C in an eonwmej CO a 
oudl ave. 

Enzyme inunnnoasHy The ox*«d rea^oo of me skm (2 cm in 
tiwnew) was iiolsxed 5 mm after injection and hnratdiaetty put icuo 
ice-chflkd edunol ejOQeucdnA; 10 JIM indomrrK^inn and 10 UM dleuton. 
Afier homogotodoa and censrifeffdon (it 3000 epm f« fi mm) of 'the 
ikiu sample, 7 ml of mpenacau was diluted wish 20 ml of iee-ciuJiad 
0,1 M acedc add, applied » Bond Eloic d column fVariaa, MA), aad 
eluccd with 3 ml ethyl acetate. After irvapctauoii of me ehionc, ±e 
residue wis suspended m 150 ul of 0,01 M sodium bieaiboflatc bumv 
(pH 1O,0)i lenlcaced hi 5 min, and then dihifcd wim eamw 
hnmunoanay bv»Sr (Cayman Chemical, Ann Azhor. MI) for the assay* 
of LTB* and PQ£e* 

Panwy culmres of die mouse keralMOCytes were dOuaed by MEM-PS 
» 1 X 10 - cell per 400. Ul weL Draas wvre addvd m dw euitute 
medium m 1 votunu of 50 Ul and then SP was added immediately 
(vehicle, 169 and L-65* &77) M or 30 min (uuioDsetbTCin) or 1 h 

later (deaamethlione and sileovOn) in a volume of 50 pi Samples were 
taken fiom the repem»pi S min after SP apeJieaaon and dusted with 
, enayme immunoassay buffer {Cayman Chemical) fee me assa y. Th e 
ameuriE ef LTBi, and PGBj was determined using ETA las (Cayman 
ChenncaD* , 

Statistical analysis All dies are .presented as mean and SUM. 
Stattsneal sianineaaee wai anaVsod auf she one-way aaarvsis of 
variance followed by Dunne* 1 * multiple comjrtrimrw p <0U)5 was 
coRndcred a^uficant. 

RESULTS 

BiTocta of pboaphoHpaso A3 uaUbator and ^ucocoxtacoidx on 
SP -induced itch-assocmrod roaponae An id mjeccion of SP 
(100 nmol per dte) elicited scratching of the lion around me 
injected rice by the hind paws in znicc [Fig la); the total number of 
responds by 1 h aifcer injection was 75.7 ± 14.4 (mean SSER 
n = 0). When mjeaed together with SP, the phomholipaw A 3 
mmniror AAC0CF3 (Street d <d, 1993) (10-100 nmol per »m) 
suppressed SP-induced icch-ssaociatod rmponre b a dove- 
dependent manner (Pig lo), A 1 h prerjcatmcnt with 
desmmechasonc and betamethasone at peroral do*e* of 0,3-3 mg 
per kg alio rnpprcasod the itch^cra^ rmponso induced by SP 
(Fig Id d), 

Effects of 5-BpOxygenaJo inhibitor and lookntrimio receptor 
ajstagoniata cm SP-induced itch-aJdomatod rwpOswe Vc 

ocamiued the mvolverncnt of the 5-hpoxygenaw pathway in mo 
iwlvitsociawd response induced by SP. The 5-Upoxygcnwc 
inhibitor lileuton (Carter et a7, 1991) ac peroral .doaes of 10- 
100 mg per kg produced a doio-dcpcndcut iuhibtrion of the SP 
actioa (Fig 2a). In addidoB r ONO-40S7, an LTB 4 receptor 
antagonist (Kaam^kavn #1 d/» 1?>1)» « peroral do$« of 10-100 mg 
per kg also produced a doac^depeiidcnt inhibition of the action 
(Rg 2*), On thc odier hand* the same dofc* of pianlokasx, an 
antafOTdsc ret cystemyl^LTs (Nakagawa ef al v 19929, did not aficcC 
theSP action (Fig 4r), In admrinn, L± mjection of did not 
increase itch-wodatnd response; the bumbec of «rawhin0 
Mcrwing LTO^ at doso of 0.01, 0-03, 0.1, and 0.3 nmol per m* 
' were 27,4 * 3.5. 27.4 ± 5.5, 28.9 ± 8^, and 14-4 = 2.9 per h 
(mean ± SEM, n = 8 each), respectively- 
Effect* of oycikKixygnnaM inhibitors and prostaglandin 
receptor antagOH* on SP-indtfcod icch-awwociacad 
reapoma Wc examined the involvement Of W 
cydoaxygenase pathway in mc itch-aasodated, response induced 
by SP* The cyclc^ocyf^nase mhfbitoa mdoincdiacin (1-10 per 
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kg) and diclofenac sodium (3 and 1 0 mg per Iqg) did net inhibit the 
itch-audited response induced by SP. but instead there were 
increased tendencies (Fig 2d), la addition. ONO-NT-012, which 
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H«ttt* 1. lahibfcum of SP-induwd itch~tasociite4 t*i»o«M by 
pb«*Fb9Spaw ^ inhibitor tad ^Qrocoxtictfdj. (*) Unve^owpe of 
icrfwwodaied japonic of the nrttiK after an incodtmul injection of SP 
(100 omol pa w), {&) The phaipKc^pwc Aj iohjbioer AACOCF, 
nippiest* SP-induccd ileh-anodated raporuc. The inhibitor wu 
mjsoted intradennafly together with SP (100 omol pec ate), {e, J) 
Gliacoconwidl SOftna £P-indueed itch-associated tespcux. 
Doamttfaaa^tic (<) red baamcchawme (d) were admiDucend peronlly 
1 h b*6w? (he SP fatftafeA. Hendis (maun ± 5£M) arc of eight aniouli. 
•p <0,05 awoparcd wirh cu&wol (CN), 



block* EPj PG receptors (Minami et 4 1995), did hoc afict che 
$P-indu<;cd iich-aaaodatcd response (Fig 2c). 

Effecr of LTB 4 receptor antagonist on SP-indoced itcfa- 
aarodated response in nnisc-coIl-d«&ci«nt mice When 
Injected inoatkonalry, SP (100 nmol per see) eKdced an apparent 
Uch-*s»ocbccd response with cornpatahk potency in masMciL- 
deficient nape (WSB6P JV/PT) (Wg 9UU pretreamwnt with 
ONO-4057 at a peroral doic of 100 tag per kg markedly 
suppressed ^P-indwed icch-wsodatod response la maxxdl- 
dendsic mice and comrol mice (pig 3^ 

Contents of LT» 4 »d *Ola ^ the ildn Ad Id. injection of 
SP (100 nmot per site) produced 1 Z9»feld increase in <be 
euoneous concent ofLTB* and this actios was almost abolished hy 
AACOCF; (100 nmol per ate), dcxaxoethasonc (3 mgper kg), and 
aileute* (100 mg per kg) (Fig 4tfft chew dosages suppressed SP- 
Induced itch-aaooawd response (Figs lb, e, 2tf). The NX, 
receptor antagonist 1^668 169 at 50 nmol per £ce, a dose due 
suppressed the SP-inducrd kch-aasodated repents (Andoh tf aZ. 
1998), also abolished SP«u>du.ced increase Id LTO< concenc, 
whereas indomctbacw (10 mpptc kg) wai wfchew effect (Hg 44). 




CN ONO-4057 



Figure 3. Imbibition of SP-taductd toh-aaloolated rOTPOBM by 
ONO-4057 in maat - eeU - defi denC mice. SP (100 kunol per duo) w» 
injeoed DtradecmaDy. ONO-4057 (100 rag per fc^ m idbnuiitcrcd 
pcrOEaQy 1 h before SP injection. ILcailts (mean * SEM) ere ofeiic 
^ a " <0.05 aomparcd with coral (CN). 



JHg^fe 2, ESkts of inaibitxem of iiooianoid 
systflBU on ^-mdnetd itcb-ai«odaCed 
mipowt The nvouifi w f^vea an LdJnjeeoaa 
of SP flOO flfflol per nee) and fecrahne behavior 
Wis coonood for X h. M tilcamn, (fr) ONO- 
4057. and (ft pranhuots were adauntaezed 
pcroraHy Ih before SP mjccdon. and (a) 
mdomcrinrin, {4) didofenac, and (e) ONO-NT- 
012 were ainmiacered 30 mirt befbre. ILenun 
— SEM) ace Of eight animals. *p <0.05 
" 1 wiA couzol (C>4). 
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NON SLN , . ACF PX ZLT 1NDL668 

&T*t 4, Thaproducckm of fcTP; end PGE* after SP injtalan m 
mouse ilqn- SP (100 nmol per ste) and atint (SLN) wt« hyeeead 
mtsdczmaily and 5 sain latrt the cowcfiB of LTB 4 and F^GEj in die 
near*! ifcn woe dctciiDincd. AACOCf 3 (ACP; 100 ttnol per site) and 
L-tfale? (Ltffi: 50 niftd pa site) we*s injected with SP. 



Dex»mee\aione (DX: S nig per kg md sltuon (317: 100 a* per kg) 
admuuvkred peroral)? 1 h bcjbx* SP jngceunfi. and i^wneibacin 
0ND: 10 p* Kp wai 30 min before, Rcrulo (man ± SSM) arc of 
six animal*, ♦p <Q.05 » SWf #p <0.0S * S? alone. NON, 
nonctcaoticnL 



Ad LtL injection of SP (100 nmol per rite) produced a 2.5-fold 
increase in the cuaneouf concent of PGBs (Flf 4e). Although 
AACOCP, (100 ntnol pw sice), dexamedteeone C3 per kg), and 
L-66A 169 (50 nmol per sice) inhabited thy action, rileutsm 
(100 mg per tg) without eflbec (Fig 46). Indomcthadn 
(10 mg par leg) abolished dan SP-mduoi d production of PGE 2 
(Fig of), 

Prodactieii of LTBi and PGE* in kOTCmocytei A; mouio 
kfintjftocyto reloaded co SP Is che above experiment!, we 
nrammed whether SP would increase the production of LTD 4 and 
in the keiatinocytu. A bach application of SP in 
coflccncraiionj of 1— 10 fJM to die primary cultures of mouse 
keritinocyeec increased die production ofLTB 4 hi a ccmcencradon- 
dependent manner, with a 2-£aXd increase it a concentration of 
10 (Fig 5a), Such SP efieet wi abolished by prmcatmcne 
with dexamethuone in coneeABidotu of 1 and 10 JAM. This efface 
ww also inhibited by prctrcscmeut wich silicon (1 and JO JIM) in 
a ccweoo^fttwlcpendeac manner, with cooaplete uahahidon at 
ID pM, whereas indomrrhann (1 and 10 JiM) was without e£ect_ 
L-66B 169 (1 and 10 pM) exerted a concencndonHicpcndenc 
inhibmcm on the LTB* production induced by SP, whereas tfrc 
NX* receptor autagonuc L-659 877 (1 and 10 jiM) wai without 



SP (1 and 10 JIM) also mcrcwed the production o£PGE 2 in the 
mouse Jceracioocytwr the concentration ofPGBj following 10 jiM 
SP was 1 £ eknes chat of untreated control* (fie; 5*). The SP action 
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FSpu«5, Tb^ SPrindUeed peodncdoa Of LTBi and PGS, in 
maiue JcezadnacytH. SP (10 jlM) wu applied co the primary eultnre 
of kendnDcyaa ihac had been irahted fitun mouse aldn, and 5 nun la per 
the snpeeaacanc v/» taken for rh* a$^y, Descunethafoae (DX) and 
ail tu COR (ALT) weie adminiiutvd 1 h before SP, and indomethadn 
(IND) 30 nin before L-668 169 L-659 877 (L659), and vehicle 

(SP alone) was adminisoeced unmedaatd^ be&rt SP. Results (mean ± 
SEM) are of six eiepedaienQr v p <O.0S w widiouC SP: £p <O05 ft 
10 UM SP alanc 



was inhibited by L-66B 169 (1 and 10 bus ipe by 677 
(1 md 10 pJM]. Dexaaafihasone and mdomecbaeia at eoncencea* 
oou of 1 aid 10 JIM inhibited PGE* producnoD* whereas teuton 
was without cfiect ar the same oonceficntioxu (Kg $l) f 



DISCUSSION 

The phosphohpase inhibitor AACOCF^ at a dose khac mhibiccd 
SP-induced production of PGEa and LTB^ markedly inhibited 5P- 
xnduced itch-asodated rerponae. The tejuta show an hnporcanc 
rale of the ixachidonic add cascade in SP-mdiiccd itching- In cbu 
study, furthermore, we o>termined die role of S^poxygeauac and 
cycloo^vteime oachwtyi in the SP action. The LTfti reeepcor 
anta^onut ONO-40S7, markedly luppressed the itch-assodacod 
response of the mouse to SP. In addition, SP markedly increased 
the content of LTB 4 in the skin ac a dose that elidced itch- 
aiso dated response. LTB 4 is a potest pruritogen; LTB 4 at a dose of 
0.03 QDiol per site eficits about a hundred scratch bouts per hour 
.(Andoh and Kuraishi, 1998), which ia coinparaMe co the efiect of 
SP ac a dose of 100 nmol per site. Taken together) these findings 
strongly tuggeit chat LTB 4 if involved in SP-induced itching in 
mice. Zileuton selectively inhibited SP-induced Increase in the 
content oftTB*, but not POEj, in mo iMn and l&idcediy bhibi«d 
iwh-asrodated mrponse foflowiiu; SP isjeceios, a finding support 



VOL, 117. NO. fi DCC&MBBK ?H1 



i£OK0TWE*a 1* anp suoyrANcw-iMDucHD rrcM 1625 



ing che view due LTB 4 plays 4a Impoiunc role in SP^nduced 
itching. In human*, LIE* u tocreajtd In mc ksioned skin of 
padent* wi m pruritic disease* soch as awpic denwdds and psoriasis 
(Brain « e/, 1984; SUncka « 4 1966). Pniritus of chronic 
hemodialysis pabencs is alleviated by szehsjrin (Mitsui tt at, 1994; 
Kanai et oJ, 1995), an a$c»c mac inHbics I/TB* receptor and I-TSj 
pmducdon. These findings taken together iu^ac chat the 
suppression of LTB 4 production is & mechanism af acute 
antipra£dc action of a^ucoeotticoids and provide die potfibilicy 
that LTS 4 receptors and 54ipoxygcnase are novel ar|e« for the 
development ot trmpxunoe agents. 

An Ld. injeedon of LTB* « doses of 0.001-0,03 nmol per ate 
produce* iceh-assodaccd mpcnw in a dose-dependent manner 
(Andoh and Kurehhi, 1998), whereas LTD< was without effect: at 
doses of 0.01-0,3 nmol per sice (present expenmens). In addidon, 
the cyateinyl LT antagonize pranlukasc did not a Sect SP-indueed 
itch-assoctated response. LTD 4 and LTC 4 are not praatogtnic after 
Ld. injection in human jnbjccrs (Camp et al, 19B3). Therefore, 
cystekyi LT may not be proctogenic at lease in the skin. 

An i.d, injection of SP increased the content ofPGSjin me skin- 
Although indoincthadn (10 ma; per tap abolished the SP-induced 
increase m the cutaneous content of FGEa, it 'did not inhibit die 
kch-assodaced response induced by SP, Similarly, diclofenac also 
did not suppress the SP -induced hchHiuocbCed response, and die 
£F t teeeptor ariagonise ONO-NT*012 was widiouc ef&cr. In 
ooanrast, almooa^h zueutoo markedly snppiettcd the SP-andueed 
iteb*a*aoeiaced response, it did not affect die eu aeneous production 
of PCBfl. Therefore, PGR* may not play an important vole in the 
prmitogeme acnos of 5P, The resulw are consistent with din caeca 
of aspirin-Eke agents on human taming these afenti generally do 
not suppress eaperjmenial and decnudbVkdiiced itching (Stable 
and Ha^ermarit, 1985; Daly and Shuster. 1 98 6), An Ld. injection of 
PG£a> however, cMb a mild irrhin g in human subject* 
{Ha^ermark and Scraudberg, 1977; fjelbet and Hagexmark, 
1979}. PGEa increases serotonin-induced itching in human snhjeCB 
(FjeDnca: and Higermiik, 1979) and swtnnk-mduced itch- 
associated response in mice (uapublnhwi observances). In addidon, 
aspirin alleviates pruritu* of radencs with polycythemia vera 
(Fjetiner and Ka^nmark, 1979). Therefore, we do net exclude 
me possibility of the invokvemenc ofPGEa in the itching of some 
pruritic diseases. 

SP markedly increased (he production of LIB* and slighdy 
PGE* both of which were abolished by the NKi tadiyfcinia 
receptor onogonsc. SP also mftrfiaMS [Ca 4 *]i in eulmred mouse 
kentinocytei (Koizumi a 4 1994). The revindicate dm SP ices 
directly on the NKi «cepwn of the mouse keratinocytei co 
produce eieosaaoids> opcdaUy LIE* Considering due cfac 
keratmocytes are me largest eeU group m lb* cpldemis> the daxa 
suggest mat the ejddcfmal keraonocytw are the primary lice of die 
LTBrproducing acdon of i.d. SP- The NKi receptor anogonnt L- 
608 169 abolished the pioducdon of 1TB 4 in the skin and 
keritaocyna, whereas the MECz receptor ancagonisc L-6S9 877 wv 
wtthouc efcac. These retulcs are consiitcnc with behavioral 
rvpnnmmn in which SP-induccd itch-asspdated response was 
rtaikedly suppressed by 169 but not by 1^659 877 (Andoh 
« il 1998), Thus, the facradnccytes may play an important role m 
the ptoewdon of a prnritogenic mediator LTB*. The ability of 
human kendnotytes to produce LTB 4 is in dispute- Some workets 
reported On ^poxygenase egression in human kfiiadnoeyxes 
0anssen-Timmen u 4 1995), whereas other) have not found 5- 
lipoxygenase (Breton et 4 1996). Human keradnocytcs have ITA* 
hydrolase activiiy^ however (ileal et 4 1994; Iversen ft 4 1994) r 
and transform exogenous and polymorphonuclcar-ecll-dedved 
LTA4 hsto LTB 4 (Ivecen tt at 1994), Theiemre. keradnoeyces in 
hnnun epidermis may produce LIB* under certain dermadtu 
condinons. Cutaneous mast cells may release LTE* (Harris cz ^ 
1998). ONO-4057 lignuaondy inhibited SP-iadnced itch-associ- 
atcd response in mast-cdl-deficient mice, however. Therefore, tht 
mast cells may not be the primary source of pruritogenic LTBx in 



the ejddemus. Thus, keratmocyxes tachcr than uwt ecus may be 
important target cells of anripnuitk ageno. 

Icch sigxah may be mediated mainly by C fiben [Schmelx et & 
1 997), LTB4 sensitizes cutaneous C fiber nodceptoo (Mardn * 4 
1988). In addidoa, in our prdhnhmy Menmentt, LTB 4 increased 
dac eancentnoon o£ intracellular Ca* ions in primary cultured 
mouse dorsal root ganglion neurons, especially capsakm-^ouiuve 
neurons (unpublished obsexvadons); most C €bea* are senndvc to 
capsaicin. (Hober, 1991]. Hepeaced treatment with capsaicin cream 
suppresses the ioch of pacien tj wjth pruritic diseases, such st chronic 
renal failure with hemodialysis QTcatment (Breneman et at 1992)» 
pruritic psoriasis (Ellis el* 1993), noolgia paresthetica 
(walkngren, 1991), and hydroxyethyhtaiehsnduced pruritus 
(Szehmes et at, 1994), In addidon, repeated garment with 
capsaicin inhibits cxpeihnentsl ireh induced by hfecamine in 
humans rT6rh-Kasa tt al, 1986) and itch-aw>cjaccd response 
induced by SP in mice (Andoh e* ^ 1998). Thus, it b mggesEed 
due iceh is mediated by capsaicin^tenridve primary aficrcnts, 
Therefbre. LTB 4 produced by SP-sdmulaced Joaraeboeytes (and the 
other cutaneous cells)" might act dkocdy on primary afferent 
e^iytiA^l< to produce itch TigyHfi % 

GlncocarricDids roppressed SP-4nduced itch-aswciatcd response, 
Considering that ^aco^ordcoida suppress the production of 
arachidonic add metabolites by mbbiring phosphoHpasc A 2 
(Pilcch 4t <* 1989), meie resuln raised the posribificy mat the 
bhibirnry acriori of glucocorticoids on the SP acdon, was 
suberaiaJIy due to oie inhibition of the atachidonic add easeade, 
K-eccndy, however, it has been repotted mat ^acocordceids 
regukte me egression of cyelocacygcatose-Z, bat not cycloox- 
ygenase-1 [Zhang et al, 1999), la this jmdy, txeatment with 
elueocordeoids 1 h before me SP application inhibited the 
production of and PGE 3 in murine skin and kendnoeytes. 
Although the detail of the rnedwnisrns is unknown from mis study, 
these results Suggest due the acute acrionfcfl of glncocomcoids may 
include the inhibition of e&ayme activities including phospholipasc 
A«. Furmcmiore, we examined whether dcacamethasooe has the 
antagonisdc acrivicy of LTB 4 receptors. Dexameehasone (3 mg per 
kg) markedly suppressed both itch-associated response and LTB4 
prodncrion induced by SP, whereas it did not amrcr the LTB> 
induced itch-associated response (unpublished observation) » 
Thcrcibre, the inhibition of me production, rather man the action, 
of LTB4 may be responsible for the ruppressive action of 
deseunedusone on itch-associated response Thus, me inhibition 
of the production efLTB* maybe mvobredm the inhibitory effect 
of glucocorticoids on SP-mduced itch-associated response. 
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Increased number of immunoreactive nerve 
fibers in atopic dermatitis 

Desmond Tobin, PhD/ Guido Nabarro, WID, to Harold Baart de la Faille. MD/ 
Willem A* van Vloten, MD,* Sebastian a J., van der Putt*, MD, a and 
HenK-Jan Schuurman, PhD* Utrecht, The Netherlands 

f " 

JThe presence o/ immunologic markers for neurofilaments, neuropeptides of sensory nerve fiber? 
- (Calcitonin gene-retaied peptide and substance P), for noradrenergic innervation {neuropeptide 
Jf fl/id Tyrosine hydroxylase), and tfeuran-spectfi? protein 9 J was evaluated in froze* tissue 
sections from normal skin (n = 34) and from skin biopsies manffesdng urticaria fa =,6), 
■ leukocyioclasiic vasculitis fn = 4), systemic lupus erythematosus fn ■* 23),' and atopic 
dermatitis (n « 40, of which 16 herefrom lesions induced by epitutaneous atopic allergen 
.patch tests). In some normal skin specimens immunvre active nerve! fibers expressing 
•Newon-specific protein 9.S were observed in the epidermis, dermis, and around blood vessels. 
•For the other markers, immumLibeting was mainly observed In the dermis around blood 
vessels. Neurofuaments, which are Scarce in normal skin epidermis, were present in higher 
-density in the epidermis of affected skin in ail disease conditions, Biopsies from urticaria and 
systemic lupus erythematosus showed a decrease in density of fibers Immunolabeted for 
jneuropepuaes substance P and Calcitonin gene 'related peptide and J 'or Neuropeptide Y.Jnr\ 
biopsies from skin with atopic dermatic an increased density of fibers was Observed for all j 
markers except Neuropeptide Y and Tyrosine hydroxylase. In this group, biopsies from positive 
atopic allergen patch tests showed an enhanced density of fibers labeled by antibody to 
Neuron-specific protein 9 J and a lower density in labeling for Tyrosine hydroxylase. The data 
indicate a potential role of innervation and neuropeptides in dermatoses like atopic dermatitis, 
(J Allergy Cun Immunol 1992;90tfi3*22.) 

Key words: Atopic dermatitis, dermatoses, inflammation, innervation, neuropeptides, skin 
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G14 Tobin et af, 

The human skin U equipped with a rich supply of 
nerve element* serving receptor as well as effector 
functions. Environmental stimuli activate afferent sen- 
sory neurons thap, by intervention of the central ner- 
vous system, gi v e rise co mechanoreceptive (touch), 
thermal, and pain sensitization. Effector activities, for. 
example, vasoconstriction/ dilation and sweating, are 
mediated by impulses originating in the central ner- 
vous sysiem and by the axon reflex of sensory nerves 
in the periphery. Varicosities along these nerves re- 
lease neuropeptides that can act on specific receptor?. 
These peptides are necessary for the initiation of 
inflammatory and reparative processes in injured 
skm, w 

Altered patterns of cutaneous innervation have been 
reported in many inflammatory dermatoses, including 
psoriasis leprosy, and edema.™ Similar observa- 
tions have been made for urticaria on evidence from 
tissve-aurd analysis and eapsaicta-induced prevention 
of urticarial responses. 1 A symptom of these skin 
disorders is pruritus, where sensory C and possibly A 
A fibers ate stimulated in die superficial dermis-*- 10 
Peptidergic mediators have been implicated in skin 
infUimaaiory disorders-" Immunocytochemical and 
radioimmunoassay studies have shown elevated levels 
of substance P (5P), Calcitonin generated peptide 
(CORP), Neuropeptide Y JNPY)> Vasoactive intesti- 
nal peptide, and somatostatin in blister tissue and 
fluids. 11 ' B These neuropeptides can manifest immu- 
nomodulatory activity, M and they contribute to the . 
cross calk between the autonomic and sensory nervous 
systems and the immuae system in foe akin.* 

In a retrospective analysis we investigated the pres- 
ence of neurofilaments, CGRP, SF, NPY, Tyrosine 
hydroxylase (TH), and Neuron-specific protein 9,5 
(POP9.5). This analysis was performed by analysis 
" of iinrounohistochemistry on skin biopsies from pa- 
tients with urticaria, vasculitis, systemic lupus ery- 
thematosus (SLE), and atopic dermatitis (AD), 

MATERIAL AND METHODS 
Biopsies 

This retrospective study included 40 biopsies ftom pa- 
tients with AD (21 males and 19 females; age range, 1-5 
to 72 years; median age, 20 yeaas). Twenty-four of these, 
biopsies were from affected skin and showed the histologic 
characteristics of AD, Sixteen biopsies Were taken from 
lesions after stripping the epidermis, and subsequent epi- 
euiancous patch testing was performed with house dust, 
house dust mite, and grass pollen allergens according to 
methods previously described, 1 * Twenty-three biopsies were 
from patients with SLE (14 females, 9 males; age range. 0 
to 72 years; median age, 33 years), Histopathologic Study 
of this material showed changes eharacwisdc of SLE, and 
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Abbreviations used 


SP: 


Substance P 


CGRP: 


Calcitonin gone-related peptide 


NPY: 


Neuropeptide Y 


TH: 


Tyrosine hydroxylase 


PG«,S; 


Neuron-specific protein 9.5 


SLE: 


Systemic lupus erythematosus 


AD: 


Atopic dermatitis 


PBS: 


phosphate-buffered saline 



immunofluorescence demonstrated granular deposits of im- 
munoglobulins and complement along the epidermal base- 
ment membrane. R>ur biopsies from patients with vasculitis 
(3 females, I male; age, 11 to 36 years: median* 30 years) 
were analyzed. Histopathologic study of that material re- 
vealed leiikoeytocLastic vasculitis', with immunofluores- 
cence, immunoglobulin and complement deposits were ob- 
served in superficial blood vessel walls. Six biopsies were 
from patients with urticaria (4 females, 2 males; ago range, 
24 » 69 yeart; median, 4fi years). With histopathologic 
study some characteristics Of urticaria were manifest. 
Tbirry-four skin biopsies Showing no histologic abnormal- 
ities served as controls; 3 1 samples were biopsies and 3 
samples were obtained ar autopsy (20 males, 14 females: 
age range, 15 to 79 years; median, 37 years). Some of dies© ^ 
specimens were from uninvolved skin of patients in the " 
disease categories mentioned above. Except for autopsy tis- 
sue, almost all samples were 3 mm punch biopsies. Biopsies 
from patients were from the affected skin; those from con- 
trols were mainly taken from the extensor site of the upper 
arm. In all cases the histopathologic diagnosis was made on 
formalin-fixed tissue embedded in paraffin, The samples 
analyzed in this study were snap frozen and stored at 
-70* Cbtrfote analysis. 

Immunohirtoehemistry 

Frolen sections of 10 yun thickness were laken up in 
scries of three consecutive sections onto glass slides coated 
wim gelatin. The slides were fixed in lQOfl acetone for 10 
minutes et room temperature, The primary antlseia are listed 
in Tfeble I. An avidin-biodo imraunoperaxidase method was 
used. Rm F .sections were preabsorbed witfi 10% normal 
goat (or hoese) serum in phosphate-buffered saline (PBS) 
for 15 minutes. Then the sections were incubated for I hour 
with primary antiserum at the predetermined opdmal dilu- 
tion (Table D, They were subsequently rinsed in PBS and 
ineubaiEd for 30 minutes with biotinylsted goat anti-rabbit 
(l:2SC0 (or horse and-mooSe [I il50]) serum (Vector Lab- 
oratories, Burlingarac, Calif,). Andsera were diluted in PBS 
supplemented with i% normal goat (or horse) strum. Hie 
sections were rinsed in PBS and finally incubated for 30 
minutes withjm avidh-bfodn complex (Vector Laboratories) 
in PBS supplemented with 1% normal goat (or horse) serum. 
After rinsing, the immunoceaction was visualized by use of 
a mixture of 3'3 f -diaminobenzidiae tecrahydrochloride (0.35 



VOLUME 90 
PUM$ER 4, PART 1 



Nerve fibers in skfn 615 



TABLE I. Antib&fie* applied In All study 



Antigen 



SpteitS 



ONuilon 



Reciprocal Remarks 



Neurofilnmcnr 200kd 

Ncurofilamem I60kd 

Neurofilament 68 kd 

CCRP 

SP 

NPY 

TH 



PGP9.5 



Mouse, 

Mouse 

Mouse 

Rabbit 
Rabbit 
Rabbit 

Mouse 

Rabbit 



SIgmat 

Sigmaf 

Sigmaf 

Amershamt 
AmcrchairiJ 
Afnersham|| 

UlcracIoncT 
Uliroclonc# 



15,000 

700 

150 
200 
30 

100 

2,000 



Neuron-specific cytoskeletal 
protein 

Neuron-specific Cytoskeletal 
protein 

NeurOn-Specific cytoskeletal 
protein 

Neuropeptide, sensory nerves 
tauropepdde. sensory nerves 
Neuropeptide, noradrenergic 

innervation 
Enzyme involved j n noradren- 

aiin synthesis 
NeunUAeuroendocruie*speeific 
earboxyl-terainal hydrolase 



-Orisini Amershum. Bucks. UK\ Sigma Chemical Co M Sc. Louis, Mo.; Ultrad™, Inoiar ftfllweier Minn 
filament |m**lis reacts to neuroMa^a or ZOOfcd, 160 kd, or 61 I tod ^ crewitacu^cy to other intermedia* 
* iSpectteqtion by die supplier: raise* eo mi CORP conjugated ig bovine urum albumin- m« a i V .'f V a , • L 

#Speci^Boon by the supplier raised » human POP9.5. ^ 

gnVL), aickel-ammoniumsulfaw (6-hydraic, 25 gm/L) and 

HA (0. 156) for 3 «o 5 minutes, Section* were countermined 

with Nuclear Fast Red (Sigma Chemical Co>,Si. Louis, 
^Mo,), dehydi*ted P and embedded in synthetic mounting 

tnedium DPX (Aldrich Chemical Co. T Milwaukee, Wis.). 
■The iramunolabeling product for individual antibodies is 

designated as 'Immunoreacdve,* Control material was in- 
cubated with an Irrelevant antiserum. Including a rsbbir. an- 

jtirnouse antiserum CDakoparts; DAKO Immunoglobulins, 

piostwp, Denmark) or a monoclonal antibody to human IgD 
XDafcopatB) of wnia subclass (IgGJ) as the monoclonal 
jnoabodies applied. The control procedure Alio included the 
| replacement of primary antlscra with PBS- No staking wis 
F observed, with toe exception of eosinophilic and neuccc- 
I philic polymorphonucJear granulocytes, when present. 

Semiquantitative scoring 

The density of imrounoreactivc fibedike structures In 
inree consecutive sections was assessed by two independent 
observers, to cases of disagreement, mean scores were 
. taken, The scores were expressed as absent (0), incidental 
(0.5), firw (1), moderate (2), many (3), and abundant (4), 
Scores were given to relation to each of the following skin 
components: epidermis, superficial dermis, and superficial 
blood vessels. Also the occurrence in hair follicles or in 
sebaceous and ecerine sweat glands, if present, was noted 
but not scored. Statistical analysis was performed for groups 
defined according to the histopathologic diagnoses men- 



tioned herein, by means of the nonparametfic KruskaJ- 
Watlis one-way analysis of variance (ANOVA) and the 
Mann- Whitney U test. The software applied was SPSS, PC* 
version 3 Q. For individual groups of biopsies, the difference 
In score with regard to normal skin was calculated, tn ad- 
dition, for the AD group the difference between affected 
$icin and skin after patch testing was analyzed. Differences 
wefft considered significant at values of p < 0,05. 

RESULTS 

The semiquantitative scores of individual markers 
in epidennis, dermis, and abound blood vessels, for 
individual disease categories and controls, are shown 
in Table n. Scores with the most significant differ- 
ences after aggregation are graphically represented in 
Fig, 1. In the following section we describe the im- 
rnunohistology and statistical results for individual 
markers. 

Neurofilaments 

The distribution and density of immunoreaetive fi~ 
ben observed was similar for labeling by antibodies 
to neurofilament 200, neurofiJarnertt 160, and neu- 
rofilament 68, The aggregated data are presented in 
Fig, U a in combined form for Che epidermis. In 
normal skin, some immunoreaetive fibers were pre*- 
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TABLE fl A. Semiquantitative score of Immunoreactlv* fibere In various skin compartments 



J AUJttGY CUrf IMMUNOL 



Ntyrofi lament 200 



Neurofilament 100 



Neurofilament 68 



Category 


No, 


Epidermis 


Dermis 


Vessels 


Epidermis 


Dermis 


Vessels 


Epidermis 


Dennis 


Vessels 


Normal control 


34 


0 

0-0.5 


1 

DO 


j 

0-2 


0 

0- 1 


0 

0- 1 


1 

0.5-2 


IS 

0 

0- i 


*t 
2 

0-3 


1 

L 

1-3, 


Vasculitis 


A 
*+ 


J 

0-2 


■ 
l 

I -1 


0 

0-2 


1 

0~ I 


i 


■ 

i 

0- I 


Q 

0-Z 


I 

0-2 


0 

0^2 


SLE 


23 


0.5 
0-2 


I . 
0-3 


I 

0-2 


0 

0-0.5 


1 

0,5-3 


l 

1-2 


0.5 

0-0.5 


2 

0-5 '- 3 


1 

1-3 


Urticaria 


6 


1 

0-2 


I 

1-3 


I 

1-2 


0 

0-1 


1 

0-3 


2 

0.5-3 


1 

0-2 


i • 

1-2 


2 

1-3 


Atopic dermatitis 
affected skin 


24 


0.5 
0-1 


2 

1-4 


2 

C3 


0 

0- 1 


1 

0.5-3 


1 

0-3 


I 

0-2 


2 - 
0.5-3 


2 

0-3 


Atopic dermatitis 
parch rest 


16 


1 

0-2 


2 

0,5 -3 


1 

0.5-2 


1 

0-2 


I 

1-3 


2 

1-2 


I 

0-2 


2 

1-3 


2 

i-3 


TABLE II B. Semiquantitative score of Srpmunoreactive fibers In various skin components 








CGRP 






SP 






NPY 




Category 


-No. 


epidermis 


Dermis 


Vesiefs 


Epidermis 


Dermis 


Vessels 


Epidermis 


Dermis 


Vewcls 


Normal comrot 


34 


0 

O- 1 


0 

0-2 


.0 

0-'2 


0 

0-0.5 


0.5 - 
0-1 


0.5 
0- 1 


0 • 
0- I 


0.5 
0-2 


I 

0-2 


Vasculitis 


4 


0 

0-0 


0 

0-0 


0 

0- I 


0 

0-0 


0 

JQ.l 


O 

0-0,5 


0 

0-0 


O 

0-2 


o.i? 


SLE 


23 


0 

0-0.5 


0 

0^2 


0 

0- I 


0 

0-0 


0 

0-0.5 


0,5 

0-0.5 


0 

O-O 


0 

0- 1 . 


0 

o- r 


Urticaria. 


6 


,0 

JO-O 


0 

0-2 


. 0 

o.o 


0 

0*0 


0 

0-0- 


0 

0-0.5 


0 

o-o 


0 

0-0 


0 

0-1 


Atopic dermatitis 
Affected skin 


24 


0 

0-0 


J 

0-1 


1 

0- 1 


0 

. o-o 


1 

0-1 


0.5 

0.5-1 


0 

0-1 


0 

0-2 


0 

0-2 


Atopic dermatitis 
pitch c&sc 


16 


0 

0-0 


1 

0-5-1 


1 

0- I 


0 

0"-0 


1 

0.5-2 


I. 

0.5-2 


0 

O - 0.5 


1 

0-2 


0 . 
0- 1 



Dan presented ace median values urui nup& determined by semiquantitative scoring* 



eat in the superficial dermis and around blood vessels. 
Only rarely was Labeling in the epidermis observed 
(Rg, 2, a). The presence of immimoceactive fibers in 
vasculitis case* was similar to that seen in normal 
skin. A significantly higher density of unmunoreaotive 
neurofilament fibers Was observed in the epidermis of 



lesion&L skin of patients with SLE, urticaria, and AD 
(Fig. l f a. illustrated in Kg. 2, b and e). In the AD 
group, biopsies from affected skin did not differ from 
those taken from skin after patch teats. In the super- 
ficial dermis and around blood vessels, SLE biopsies 
manifested a higher density than nonual cldn 
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PQP9.S 


Epidermis 


Dermis 


Vessels 


0 

0-2 


1 

0-4 , 


I 

1 -4 


0 

O-O 


0,3 
0-1 


0 

0-0 


0 

0-0-5 


I 

0-3' 


0 

0- I 


0-0.5 


I 

0-3 


0.5 
0-3 


0 

0-1 


I 

0-2 


1 

0-2 


0 

0-1 


2 

0-3 


1 

0-3 






TH 


,*" " 


^ Epidermis 


Dermis 


Vessels 


0 

0-1 


0 

0-3 


0.5 
0-2 


0 

0-0 


0 

0-0 


0 

0-2 


0 

O.i 


a 

0-2 


0 

0-2 


0 

0-0 


0.5 
0- 1 


0.5 
0-2 


0 

0-0 


1 

0-2 


2 

0-3 


0 

3-0 


0 

0-2 


0 

0-2 



<P = 0.004) (Fig. 2, e). But SLE lesicnal skin with 
J "wwd mononuclear cell infiltrate contained very 
fe^inrounoreacrive-neurofilament fibers (Fig. 2, d). 

Neuropeptides in sensory nerves (CGRP 
Fig. 1, b\ and SP) 

p il™*"!! 1 SW " distribllli011 relative density 
t ir^^,.„ --- ti ve CGRP and immunoreactive SP fi- 



bers were Similar. They were very rarely secn ift the 
epidermis, whereas they were more common around 
"i™'^ * n awoc )«^ with trespass nerve 
■ bundles. Similar observations were mad e in vasculitis 

rZf' A J°T M * of iwunoreaccive 
CGRP was found in biopsies from padenis with SLE, 
and i sigiuficantly higher density was observed in 
biopsies from patient? with AD (Fig. 1, b, inarmed 
in Fig 3). In skin with urticaria. » | 0w mcar , dewi 
was observed, but In some cases clear labeling was 
• wen in the upper dermis around blood vessels (Fig. 

SS^S""*" ,NPV cl 

In normal skin, immunoreactive NPY and immu- 
Dorcactlve TH fibers were observed around blood ves- 
sel and to a lesser extent around hair foUicIes tod 
sebaceous glands. Except for * f ew case$r no incra- 
epidermal staining was seen. Skin biopsies from pa- 
tients w«h vasculitis showed similar results The den- 
sity of immunoreactive NPY fibers was lower in skin 
of padents wi* SLE and urdcaria and similar to con- 
trot specimens in skin of patients with AD (Fig 
2, c). A different picture was observed for TH, Here" 
the mean density of immunoreactive TH fibers was" 
similar in skin of padents wirh SLE and urdcaria to 
that found in normal skin, and a higher mean densiiy 
was observed in skin of padents with AD (Fig 2 d 
■ pirated 1* Fig. S). Also, when compared with skin 
after patch tewing, the higher mean density in aff etted 
Skin was statistically significant ( „ _ 0 QQ5) , 
munoreactlveTHfibers were most dense around sweat 
glands, hair follicles, and blood vessels. Often leu- 
kocytes with a nmt-ctU appearance were labeled. 

Other neural markers (PGPfl.5 [Fig. 1, e]] 

Immunoreacdviry for PGP9-5 in normal healthy 
skin was present in the epidermis, dermis, and around 1 
vessels. The highest mean density was observed in 
skin of padents with AD after patch test provocation 
being statistically significant when compared with 
nomudslcin(p = 0.003) and affected star, of padents 
with AD <j» * 0.03). In skin of padents with v M - ' 
cuilds, SLE, and urticaria, the mean density was sin> 
liar to that found in normal skin. 

DISCUSSION 

The distribution and relative density of Shew that 
we found to be immunoreactive for neuropeptides and 
neurofilaments in normal healthy skin correspond to 
findings from me literature." The highest density of 
immunoteacuve fibers oecuts in the dermis around 
blood vessels (Table H). This-was observed for all 
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HQ. 1, Scores of individual neural markers in skin compartmanra. Flouree present data of normal 
control biopsies of sWn without hltto path olo glc abnormalities and biopsies of *Wn with lau* 
koeytociestie vasculitis, $16, urticaria, and AD, Data subdivided into, biopsies from effected star* 
and biopsies from lesions after epicutaneous patch wsts with atopic allergens Data shown: a, 
neurofilament!? in the epidermis; b, mean of CGRP in epidarmls, dermis, and around blood 
vessels; -o, mean of NPY in epidermis, dermis, and around blood vessels; d f mean of "m in 
epidermis, dermis, end around Wood vessels; a, mean of PGP9.5 in epidermis, dermis, end 
around blood vassal*. Statistically signfflcani differences from normal skin (Menn-Whltnev U 
test) sra indicated, 
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^tens jnvcjUgaied: neurofilaments, neuropeptides 
SP and CORP associated with sensory nerv^NPY 

PGpS ^"i* noradrene ^= innervation, and 
PGP9.5. F6r SP, the findings ln the literature Wry 

Srte ^ cenfirm findings in *• s - 

ELrfT »°««!Ct,vity at other skin sites varied 
norma epidermis was negative for mariceis of nor- 

. ^ observation have been reported ov 

StJSfeSr ° f . anti ' PGP95 M ^ody or antibodies 
s neurofilaments it recommended. 5 - - 

f 2122?? «*iW a number 

faheranons in cbetmmunorttotivity for nerve mark- 



me restrictions imposed by the study desien Sine* 
this investigation was respective, I " b ! 

to perfonn a follow-^ analgia on material ItZ fte 

' } ' ^ ^^^^unoreactive 
otoer hand, skin of patients with AD showed a £i "! 

For gp in . CC ! tSe , f6r ^ matte <* ■ «oept TH and NPY. 
w SP, a similar increase has been renorted >™ 

AD. We were unable to reproduce these findings in 
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FIG. 1. Substance P immunolabeiing in skin of a patient 
with AD. LmmunoreactivB fibers are associated with su- 
• perficial dermal vessels (500f* 2)/ pn« of which is Indicated 
. by an imw, Leutecyrea also show labeling (arrowhtadj. 
6*4 25 j*m, 



the present study. This discrepancy may be ascribed 
co difference* in study material, technique, and an- 
tibody applied- We conclude that the skin of patients 
with AD shows an increased density of immunoreac- 
tive nerve fibers. This does not occur in skin of pa- 
tients with urticaria and SLE, except for immuno- 
reaccivc neurofilament fibers in the epidermis. 

A number of explanations for the observed change* 
in inwnunoreactive nerve fibers may be offered/First, 
die changes arc caused by the disease process. This 
may underlie the lower density of immunoreactive^ 
profiles In the dermis of patients with SLE and urti- 
caria; that is, the infiltrates may damage the nerve 
structures. For neurofilament immunolabeling, biop- 
sies of skin of patients with ,SLE showed a higher 
expression in the dermis than controls, bm: this dif- 
ference was not apparent when a mononuclear eoll 
infiltrate was pronounced (Hgsi 2. c and d). Second, 
the changes in nerve fibers may play a role in the 
pathogenesis of the inflammatory response. The en- 
hanced expression of neurofilaments in the epidermis 
suggests such an explanation because nerves identified 
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FIG. 4. CGRP immunelabelTng in urticarial skin. Immu- 
noreaetive fibers (one indicated fay an errow) are present 
in the superficial dermis and around dilated blood vessels 
(score 2). Bdr, 25 pm. 



by neurofilament Immunol abeling (Fig, U a) can 
serve as mediators of inflammation. 111 In patients with 
SLE aad urticaria we did not find an increase in im- 
munoraacdvity for neuropeptides of sensory nerve*, 
for example, SP and CORP, For patient with AD. a 
different pictuce emerges. The higher immunortactiv^ 
icy for .most of the marlceis investigated suggests that 
nerve components play a role in the disease process. 
Neuropeptides, including SP*nd CORP/ 9 30 are able 
co produce inflammatory reactions on intradermal in- 
jection in normal skin. AUo the weal and flare re- 
sponse after trauma is ascribed to sensory neuropep- 
tides.' 1 One meohanism triggering this response may 
operate via T lymphocytes p which are susceptible to 
stimulation by these peptides and subsequently initiate 
an inflammatory response,™ w Padents with AD have 
been reported Co be anergic or hyperreactive on such 
a challenge. 41 '.* 1 This apparent discrepancy may be 
rtlated to the ill-defined balance between the increased 
vulnerability to neuropeptide action on the one hand 
and exhaustion of the responding cellular components 
on the ocher- Alternatively, allergen challenge may 
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influence the neuropeptide status, in this study, biop- 
sies taken from patients with AO after atopic allergen 
challenge showed a higher density, for PCP9 5 and a 
lower density forTH than biopsies from affected skin. 
That difference forms a firw indication of chinas in 
nerve components after allergen challenge. This point 
wairants funher.*cudy in serial biopsies from the tame 
patients before a. definite conclusion can be made. 

In selecting the material for this retrospective study, 
our choice focused on inflammatory skin lesions. We 
conclude that lesions in patients with AD show de-' 
tectable alterations in Immunoieactive nerve profiles 
This is also the case for neurofilament labeling in 
■ patients with urticaria, leukocytoclastic vasculitis, and 
SLE. la view of the present immunohistochernical 
data, future studies should focus on the role of sensory 
nerves and neuropeptides associated with sensory in- 
nervation in die etiology and pathogenesis of these 
dermatoses. 

The authors thank Prof. Dr. Rudy E. BulUeux for his 
stimulating discussions of the design 0 r this study and (he 
analysis of the finding. 
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Fish hypersensitivity, II: Clinical relevance of 
altered fish allergeniclty caused by various 
preparation methods 
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by sodlJdodetyt iuVOH-pofyacrytemide gel ctamphinsis.UnmWbht. 
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Scanned mna and salmon. Forty-M children ^^^^^Si'tm^d 
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^ d ^raV^k^U WW, and tmmunoblot .analyses demoted mlntmal 
^c^tnZgwthe codfish mm In vUUton to™* a ^^^ 
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Allergenic food proteins are characleristically heat 
and acid stable, largely resisiant to proteolysis and 
digestion, and their primary amino acid structures are 
bound by lgE.' Indeed, these inherent phystcochem- 
ical characteristics of allergenic food proteins may 
play a majoc role in their allergftnicity, Furthermore, 
despite the wide variety of foods consumed, only a 
tmall number ate responsible for more d»an 90% of 
the fovd-allergic reactions in both pediamc and adult 
populations. 4 

Unfortunately for the population with food aller- 
gies, most allergenic food, proteins require extensive 
alteration to decrease their aUergeniciiy. 3 This is an 
issue that has gained notoriety in the infam formula 
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Abstract 

We compared the behavioral effects of treatment wjtfc prurftOgenic and algesiogenjc agents in mice. The animals were given 
subcutaneous injection of pniritogenic agents, compound 48/80 (3-100 abO, substance F (10-300 jtg) and hmsme (3-300 
/ig), aad allogenic agents, capsaicin GO and 100 jig) and dilute formalin (5 mg of formaldehydeX into tbc rostral bock, and 
scratching of the injected site by the hind paws was counted! Compound 48/90 and substance P dose dependentty elicited the 
scratching behavior* but histamine, capsaicin and dilute formalin were without significant effects at the doses examined* Hi est 
results suggest that compound 4S/S0- and substance P-iaduced scratching of the injected rite is due to itch, but not le pain. The 
data did not provide support fcr the idea thai histamine produces itch in the mouse, 

Keywords Scratching; Itch; Pain; Compound 4S/B0; Substance P; Hist wine 



h Introduction 

Although pruraus is the main and unpleasant symp- 
tom of cutaneous diseases and accompanies several 
visceral disorders, such as chronic renal failure, hepatic 
cholestasis, and diabetes mellituav its underlying mech- 
anisms remain unknown. To sbed light on the physio- 
logical and pathological mechanisms of pruritus, we 
need animal models of itch. However, there are no 
reliable animal models available (Woodward et al., 
1985). One reason for this might be doe to the difficul- 
ties in behavioral animal experiments on pruritus. For 
example* although itch is a semsatloa that is associated 
with a strong desire to scratch, die mouse licks, but not 
scratches, its hind paw when it x$ subcuianeouajy (s*e.) 
injected with the pniritogenic agent compound 48/80 
(unpublished observation), a behavioral response simi- 
lar to that following treatment with the algesiogenic 
agent formalin (Hunskaar et al., 1985). Pruritus may be 
a main symptom in canine allergy (Woodward et al, 
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1985)* but intradermal injections of histamine and com- 
pound 45/80 cause a painful reaction rather than 
itching behaviors (Schwartzman, 1965). Humans can 
distinguish ticklish stimuli from prickly ones, while 
cowry mammals respond with a similar stereotypical 
behavior ($et\ McMahon and Koltzenburg, 1992). In 
addition, the mouse shows scratching of Che ear and 
body during grooming, which is hard to consider as 
itch-associated behavior. 

Since itch is a subjective sensation and animals do 
not describe their sensory experiences, for the mea- 
surement of itch in animal behavioral experiments, we 
should use itch-related behaviors that are elicited only 
by pruxitogenic stimuli but not by other sensory stimuli 
such as painful ones and that are rarely observed in 
untreated annual* As mentioned above, itch is a sen- 
sation that provokes a desire to scratch the stimulated 
area, probably jo scratch away irritants from the skin. 
Clinically, scratch is 'used as an objective measure of 
itch (Savin et al<, 1973; Felix and Shutter* 1975; AoJd ex 
al, 1980: SummerQeld and Welch, 1980X Therefore, as 
a first step in developing an animal model of itch, we 
compared the behavioral effects, especially scratch* 
eliciting qoes, of treatment with pruritogenic and alge- 
siogenic agents in mice. Here, we report that sx. 
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i^ectkjus of pruritogenic agents, but not algcsiogenic 
ones, into the rostral part of the back produced 
scratching of the injected site by the hmd paws, which 
probably is an itch-associated behavior. 



2. Materials and methods 

2.L Materials 

Compound 48/80 (Sigma, St. Louis, USA), sub* 
stance P (Peptide Institute, Minoh, Japan), histamine 
(Sigma, St, Louis, USA>> and formalin (Wako Pure 
Chemical Ind, p Osaka, Japan) were dissolved fa or 
domed with physiological saline. Capsaicin (Sigma, St. 
Louis, USA) was dissolved hi physiological saline con- 
taining 50% dimethyl sulfoxide. All these agents were 
s.c. injected into the back at the interscapular level in a 
volume of 0.10 ml. 

22 Behavioral experiments 

Male ddY mice of 4 weeks of age, weighing 18-23 g» 
were u$ed in the experiments. They were housed under, 
controlled temperature (23-25°Q and light (lights on' 
from 08:00 to 20:00). Food and water were freely 
available. Before the exp e rim ent, the animals were put 
taio an aoyliccage(22 x 22 x 24 cm) for about 10 min 
for acclimation. Immediately after ax. injection, they 
(generally five animals/cage) were put back into the 
same cage and, for the observation of scratching, be* 
havioi* were recorded using an B-mm video camera 
(CCD'700V, Sony, Tokyo, Japan) under unmanned 
conditions. Scratching of the injected site by the hind 
paws was counted and thai of other sites such as ean 
was disregarded. Each mouse was used for only one 
experiment. The mice generally showed several 
scratches for about 1 s and a series of these behaviors 
was counted as one incident of scratching at 10-mm 
intervals. 

25. Data processing 

Statistical comparisons were made using one-way 
analysis of variance and Dunnotft post-hoc test or for 
data without normal distribution Kruskal-Wallis statis- 
tic on ranto and Dunn's post-hoc test; the calculation 
was done using software SigmaStat (Jandel, San Rafael, 
USA) and ?<0,05 was considered significant The 
means of data are presented together with SJE. 



3a Results 

3.L Compound 43 / 80-inducsd scratching 

Compound 48/80 has been Shown to produce an 
itch sensation in humans (Armstrong et al, 1953; 
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Hagennark et al., 1978; Pjellner and HSgennark, 1$6U 
When sixteen mice were given compound 48/80 (SO 
s.c) into the rostral part of the beck, all showed 
scratching of the injected site by the' hind paws. The 
first scratching was observed within 5 min after injec- 
tion in all mice examined and then scratching appeared 
intermittently. The frequency of behaviors other than 
scratching, for example grooming and forelimb mo- 
tions, was not apparently different between compound 
48/80- and saline-treated mice. 

Fig. 1 shows the time course of scratching behavior* 
for 2 h after the injection of compound ,48/80, When 
compared with saline, compound 48/80 at doses of 
10-100 ME produced apparent scratching, without ef- 
fects at a dose of 3 pg, The effects of compound 48/80 
(10-50 jig) peaked within 30 min and had almost 
subsided by 60 min, while that of 100 of compound 
48/80 lasted for more than 60 min. When the number 
of scratches in 60 min after compound 43/80 was 
plotted against the dose, the effect was dose-depen- 
dent from 10 to 50 jig; the effect of 100 *tg was not 
apparently different from that of SO txg (Rg, Z), 

3.2 Behavioral effects of substance P and histamine 

Substance P and histamine as well as compound 
48/80 produce an itch sensation in humans (Armstrong 
et al., 1953; Hagennark et al., 1978; Rcltner and 
HSgennark, 1981). Injections of substance P ax sx, 
doses of 100 and 300 <*g elicited slight but significant 
scratching, without effects at lower dose$ of 10 and 30 
Mg (Pig- 2). The first scratching after substance P (300 
lift) was observed within 5 min in all mice examined 
(n *=>5) and the effects of substance P (100 and 300 p0 
peaked in the first 10-min period and had almost 
subsided by 30 min following kuecrion. Grooming and 
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cbeneau ud SJS, *?<aQSwtaeo compared with VEH mumrt 
pon-boc te&tX 



forelimb motions were not apparently different be-' 
twcea substance P- and saline-treated mice, 

Injections of histamine at s.c. doses of 3*500 &g did 
not have a significant semtching-induemg effect (Fig. 
2). Although following the maximum dose tested GOO 
/ig) the 'number of scratches in 60 min was 3L8 ± 10.5 
in =5), there were few scratches in 20 min following 
injection. Histamine at the doses tested did not pro 
due© any apparent alterations in gross behaviors, such 
as sedation, and motor functions, such as ataxia and 
weakness of the hindlimbs. 

33. Effects ef capsaicin and formalin 

To determine whether the painful stimulation Of the 
rostral part of the back would elicit scratching "behav- 
ior, we examined the behavioral effects of s*c< injec- 
tions of algesiogenic agents, capsaicin and formalin 
(Fig. 3). In contrast to compound 48/80 and substance 
F, capsaicin 00 and 100 and dilute formalin C5 mg 
of formaldehyde) did not induce, significant scratching 
behavior following injection. Although a higher dose 
(300 jtg) of capsaicin resulted in the death of all 
animals tested (n»5) during the observation period, 
capsaicin and dilute formalin at the doses tested did 
not apparently alter gross behaviors and motor func- 
tions. 



4l Discussion 

The main findin gs of the present study are that, 
when ntfected into the rostral part of the back of the 



mouse! pnirlcogeni^ but not algesiogenic, Agents 
elicited scratching of the injected site by the hind paws. 
In human subjects, application of 500 tig /ml of com- 
pound 44/80 on the blister base (Armstrong et ah, 
1953), an intraderoud injection of 0.3-10 ^g/nil CRell- 
ner and HSgennark, 1981), and an s.e. htfection of 10 
Mg/ral CHigermark et aL, 1978) have been shown to 
cause an itch sensation the duration of which is rela- 
tively short, for example several minutes (Armstrong et 
■L* 1953). In the present experiments, s.c injections of 
compound 48/80 at doses of 10-50 fig (100-500 
tig/ml) produced scratching behavior in mice in a 
dose-dependent manner. These concentrations are 
greater, than itch-producing ones in humans and the 
duration of the scratching was longer than that of the 
itch sensation in human suttfeas. Intradermal nrjcr> 
tions of substance P at doses of 0.1-10 j±M (corre- 
sponding to about 0.13-13 ^g/ml) produce an itch 
sensation in humans CHagennark et at, 1978; Fjellner 
and H«gemariryl981X Although higher concentrations 
(1-3 mg/ml) were needed, substance P produced 
scratching in mice, On the other hand, injections of 
capsaicin (30 and 100 jtg) and dilute formalin (5 mg of 
formaldehyde) into the rostra) bade did not elicit 
scratching behavior. When s,c. injected info the hind 
paw, these algesiogenic agents elicit licking of the 
treated paw CHunskaar ct al. p 1985; Sakurada et al., 
1992), a behavior considered to be a pain-related re- 
sponse. Taken together, these findings suggest that 
scratching of the treated rostral back by the hind paws 
is due to itch, but not to pain. 

Capsaicin acts on primary afferents to release sub- 
stance P (tor review, see Holzer, 1991), but, in the 
present experiments, substance P, but not capsaicin, 
elicited scratching in mice. The precise reason why 



compound 4ttSt 
MS 

Olpulcla 
30mS 

1C0 MS 
5«e 



3* 



* 100 10* 300 

Vl omber of icfec* for So min 
F?& 3i Screxcbios following jitftctiote of compound 48/80, 
ifcusfe »nd formaJdehyde. Mice pven ai\ injection of cottpov&d 
4$/S0 (SO *-1S>, <ap»idn (30 and 50 p*: »-5 each grwp), 
dilute fonnalifi CS Of of formaldehyde, n»5> or saline (n • 10) and 
the number of ttttu&kxgi w counted for 60 rate. Valve* repress 
the means aod SJL * P< 0.05 when compitttf with *lbt ©onnetO 
port-boc test)* 



232 



Y. Kumijhi ft aL /Eurcpmn Journal ofPharma&bfy 275 (1995) 229-233 



capsaicin did not induce scratching is not clear* How- 
ever* when applied on ihe human ffin, capsaicin pro- 
duces a burning pain, but not in itch sensation CTdth- 
KSsa et aL, 19Sfi; Breneman et al., 1992), Taking ac- 
count of the 'selectivity theory 1 of neural mechanism* 
of itch (McMahon and Kattzenburg, 1992), the 
widespread activation of nociceptive primary afferent* 
with capsaicin might raask the activity of 'itch-signal" 
rag* primary afferent induced by released substance P. 

Intracranial injections of substance P at relatively 
low doses induce bindliznb scratching In mice (Dobry et 
al , 1981) and rats (Van Wimersm* Greidanus and 
Maigret, 1988). However, it is unlikely that peripherally 
administered substance P acted upon the central ner- 
vous system to elicit the scratching. The -reasons for 
this are as follows; first, hx the present experiments, 
substance P at s.c. doses of 100 and 300 p% (corre- 
sponding to about 5 and 15 rag/kg, respectively) pro- 
duced scratching of the injected site in mice, while this 
peptide at intravenous doses up to 50 mf /kg does not 
elicit scratching in the same species (Dobry et al., 
1981). Second, an intracranial injection of substance P 
elicits grooming behavior (Dobry, et al* 1981; Van, 
Wimarsma Greidanus and Maigrct, 1988), while an s.c. ' 
iujection of sub$tanee P did not. Third, in our prelimi- 
nary experiments, substance P (135^ jig) injected into 
the caudal pan of the back did not induce scratching of 
the rostral part of the back. These findings taken 
together suggest that scratching of the , injected site 
following s.c< . injection of : substance P , is due to a 
scratch-inducing sensation at the injected skin. 

Compound 48/80 end substance P release media- 
tors from the skin mast cells (Barrett et al.,. 1985; 
Ebert* et al.» 1987; Lowmaa et aL, 1988). ^TJierefore, 
one of the conceivable mechanisms for the scratch-in- 
ducing effects of compound 48/80 and substance P is 
that these agents, act upon the mast cells to release 
mediators, which produce scratching behavior. His* 
tamine is present in die mast cells and has been 
thought to be an important mediator of itch. When 
applied on the blister base at concentrations of 100- 
1000 fig/ml (Armstrong et al., 1953) or Intradermal^ 
injected at concentrations of 0,3-10 jtg/ml (Hagermark 
et aL, 1978; Fjellner and Hagermark, 1981), histamine 
produces an hch sensation in humans. In the present 
experiments, however, s.a injections of histamine at 
doses of 3^300 nz (30-3000 /xg/mD did not appar- 
ently elicit the scratching behavior. Although the pre- 
cise reason why histamine could not elicit scratching is 
unclear, one explanation is that, at least in the mouse, 
histamine is not a strong Itch-producing mediator and 
that scratching induced by compound 48/80 and sub- 
sume* p is mediated by mediators other than his- 
tamine. In support of this view, thf histamine H, 
receptor antagonist chlorcyclidine inhibits the flare r*> 
sponse, but not the itdi sensation, induced by an 



intradermal Injection of substance P at a concentration 
of 10 ;tM, corresponding to about 13 pg/ml 
(Hagennark et al., 1978). In addition, it is claimed that 
histamine is not a main mediator of itch in many 
pruritogenic diseases (Krause and Shutter, 1983; 
Wahlgren et al., 199$ Hagermaxk, 1992). Another ex- 
planation is that there are species differences in itch 
mediators and that histamine produces itch in humans 
but not in mice. In this context, serotonin, another 
chemical mediator of murine mast cells, apparently 
elicits scratching in rats (Berendsen and Broekkaiup, 
1991) and mice (unpublished observation), although it 
produces mild itch in humans (Fjellner and Hagennark, 
1979). In any case, histamine does not induce a desire 
to scratch in the mouse. 

In summary, the present results suggest that scratch- 
ing of the rostral back injected with compound 48/80 
and substance P by the hind paws may be due to itch, 
an impulse to scratch, but not due to pain. Such 
pseudi>jtch behavior may be a useful index for physio- 
logical and pharmacological studies on itch and an- 
tipruritic agents. The data did not provide support for 
the idea that histamine applied peripherally produces 
itch in the mouse. . 
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